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ABSTRACT

Mid-infrared laser emission in ammonia is usually observed on a P(J + 2)

transition when a C02 laser is used to optically pump a near resonant R(J)

absorption feature. Iiowever by generating simultaneous FIR ammonia laser

emission in the same Gptical cavity, mid-infrared emission is obtained ex-

clusively on the P(J) transition.
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A new pattern of mid-infrared laser emission has been observed in th~
optically pumped Nt!3laser Laser emission on the conventional 12.8 Pm NH3
laser transitional optically pumped by the 9R16 C02 line, has been completely
quenched and replaced by emission at 12.2 pm.

Figure 1 -presents an energy ievel diagram for NH3 and the relevant
rotational states for optically pumping the aR(6,0) NH~ transition with he
9R16 C02 laser line. $Recently there have been reports in the liter~t~Jre ~3
of additional NH3 laser transitions observed at 12.08 ~m (sP(7,U)) and 12.2 pm
(aP(6,0)).

We have demonstrated the necessity of simultaneous FIR laser oscilla-
tion to produce laser action on the 12.2 ~m transition. Several optical
cavity configurations were used to study the laser process. In th~~simplest
arrangement the CG2 laser pump is injected into the anvnonia cavity through a
small hole in the entrance mirror. Armnonia emission is coupled out through
this same opening or through a hole in the rear mirror. Both mirrors are
nmunted internally at the ends of a copper or stainless steel tube.

Figure 2 illustrates the pressure and threshold-time behavior of the
12.2 w and 12.81.unNH3 laser transitions. For these measurements a Lumonics
(Model 103) TEA laser with an cutput energy of 250 mJ on 9R16was used.
Figure 2a shows the CO laser ulse shape (200 nsec/dlv). As shown in rigure
2b, Et low pressures (6 Y.3 torr , both the 17.2 pm and 12.8 pm anmlonia laser
transitio~s were present. The intensity rat;c (12.2/12.8), of the lines was
0.01. At low pressures, the total pulse duraticn for the 12.2 pm line was
2 psec and ? psec for relative intensity of the Lwn lines ch;]nged to 0.5, and
the cluratlor of the 12.8 pm llne was reduced to 2C!Onsec,while the 12,2 Pm
pulse duration r~mained about 2 psec For pressures greatef: than 1 torr, up
to the highest NH3 pressure (30 torr) where laser emission was observed, only
the 12.2 w line was observed. Figure 2d shows the 12.2 Pm pulse shape at
1.3 and 10 torr.

A 12.5 nunthick KC1 Brewster angle window was inserted between one of
the cavity mirrors and the NH3 laser cavity. It was ~ow found that only the
12,8 ~ NH3 transition appeared regardless of pressure or buffer gas
(He or N ) used.

i
KC? does not transmit infrared radtatlon at wavelc,lgths

longer t an 30 ~. NH FIR laser emission wavelengths r In the ran e of
? !! 770 - 150 m for optic] pumping with the 9R16 C02 line ~ . Hence, b ocking

the intracavity FIR laser emission has led to the elimination of the 12.2 um
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NHq laser transitions. Onset
time of CC)2 laser pu-se Is inti-
cated by an arrow for each trace.
Time scale is 200 nsec/division.
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Figure 3. Pulse shapes and time histories for
the 12.2 m llH3 laser transition,
FIR laser emission and C02 wnp pul Se.

4-

3-

2-

‘P

l–

8

‘F2

‘L

Nelson .4 -.
Figure 4 of 4

I@

V2=0

Figure 4. Optically pmnped anmwnia laser
mechanism sugaested by present
experiments.



mid-”~nfrared laser transition.

In an arnnonialaser cavity which used a Littrow grating as a dichroic
beamsplitter for the CCIZand ammonia lasers, we have obtained several milli-
joules of 12.2 Pm emission. In these studies the 12.2 pm emissioliwas not
coincident with the gain switched 9R16 C02 laser pulse. Instead it over-
lapped the Nz-tail portion of the CO~ laser pulse (Fig~re 3a). FIR emission
(Figure 3b), however, followed both the gain switched peak and N2-tail por-
tions of the C02 laser. This temporal behavior of the 12.2 Vm emission is
not understood at this time and may be related to excessive Pump power broad-
ening of the gain5.

Figure 4 presents a schematic set cf energy levels relevant tc the
proposed laser mechanism. v corresponds to the C02 pump laser frequency, ‘L
is the mid-infrar~d NH3 emis~ion frequency, and the intermediate FIR steps
are denoted as VF1 and vF . The Brewster angle window experiment demonstrates
that at least one of the ?IR tran~itions is radiative. Collisional processes
may contribute to

E
opulation transfer intc level 2 in Figure 5. A density

matrix calculation for the four wave, four level ammonia system indicates
that emission at ‘>Lwill take place near line center and in the absence of a
population inversion fclrlevels 1 and 2.
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